
418 NELA RESEARCH LABORATORY NOTES. [J. F.I. 

tions could be made of the emissive power. However, it was 
noticed, contrary to what was concluded by Langmuir, that the 
brightnesses of molten and of solid tungsten at the melting-point 
are nearly identical. Assuming the linear relation between emis- 
sive power and temperature for solid tungsten to. continue up. to 
the melting-point, it follows that this o.ccurs at 363 o° K. This 
corresponds to a red black-body temperature of 3 I4 O° K. and an 
emissive power of o.39o. 

Though the results given above are believed to be dependable 
wi.thin reasonable uncertainties of measurement, further verifi- 
cation with other filaments will be attempted previous to the publi- 
cation of the completed paper. 

" COLOR T E M P E R A T U R E  " SCALES FOR T U N G S T E N  

A N D  CARBON. 

By E. P. Hyde, F. E. Cady, and W. E. Forsythe. 

BY " color temperature" of a solid body radiating by virtue 
of its temperature is meant that temperature of a black body at 
which its radiation matches in color that of the solid body in 
question, provided the radiation from: the latter is such that a 
color match may be obtained. If this is not possible, then the color 
temperature is that temperature of the black body at which the 
radiation from the latter has the same relative intensities of emis- 
sion in two chosen wave-len~hs as that from the solid body. It 
has ,been shown in previous papers by one of the authors and 
others that very approximate cotor matches may be obtained 
in the case of such substances as carbon, tantalum, tungsten, 
osmium, and platinum. Moreover, making a simple and very 
probable assumption, it was shown to follow that for the metals 
studied the color temperature gives an upper limit, just as the 
ordinary so-called black body temperature gives a lower limit to 
the true temperature of the radiating metal. 

In the present investigation the color temperature of tungsten 
is accurately determined by com,parison with an electrically-heated 
carbon tube furnace, and this color temperature scale is compared 
with the black-body temperature scale and with the true tempera- 
ture scale of tungsten, as determined by \Vorthing. The relation 
is also established between the color temperature and the specific 
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output in lumens per watt radiated by the tungsten filament. It 
is found that the color temperature scale, which accurately and 
very readily defines the temperature of radiating tungsten, is very 
nmch closer to the true temperature scale than the so-called black- 
body scale which has been used generally in the past. Untreated 
carbon, as in the untreated carbon filament lamps, has also been 
studied, though with less precision, as the non-uniformity of fila- 
ment temperature and the variations in radiating properties of 
different a.llotropic forms of carbon did not warrant a more 
accurate study. Moreover, for carbon, no true. temperature values 
were determined, as a satisfactory scale of true temperatures was 
not available. 

The principal results for tungsten are summarized in Table I, 
all necessary corrections for bulb absorption, etc., having been 
made. 

The corresponding values for untreated carbon, with the 
exception o.f the values of true temperature, are given in Table II. 

The fo.ll.owing mean relations between the color temperature 
and the total radiation, measured as watts, with all necessary cor- 
rections, were determined : 

For  tungsten E = ATc 4.'~~ 
For untreated carbon, E = BT~ 4"~3 

in which E is the total radiation and Tc is the colo,r temperature, 
A and B being constants. 

TABLE I. 

Specific Output, Color, Black-body, and True Temperatures for a 
Tungsten Lamp. 

Black-body 
Lumens per Color temperature True 

watt temperature (A = o.665~) temperature 
I I763 ° K. I627 ° K. I729 ° K. 

2 I917 I753 I875 
3 2025 I84o I976 
4 2109 I909 2056 

5 2179 I967 2125 
6 2237 2017 2184 
7 2290 2062 2238 
8 2338 2102 2286 

*8.275 2350 2II3  2299 
9 2383 2140 2332 

IO 2425 2174 2373 

*This value corresponds to 1,2 watts per mean horizontal candle, assuming a reduction 
factor of 0.79. 
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TABLE II. 

Specific Output, Color, and Black-body Temperalures for a Carbon Lamp. 
Black-body 

Lumens per Color temperature 
watt; temperature (A = o.665v.) 
0.38 16720 K. 1647 ° K. 

• 55 I736 I7O7 
• 75 1795 1762 
.98 1849 1815 

1.25 19o4 1866 
1.56 1954 I9I 3 
1.90 2003 1959 
2.28 2050 2002 

2.42 2065 2017 
2.69 2095 2045 

THE CANDLE-POWER OF THE BLACK BODY AND THE 

MECHANICAL EQUIVALENT OF LIGHT. 

By E. P. Hyde, F. E. Cady, and W. E. Forsythe. 

THE candle-power of a vacuum carbon tube black body was 
measured for a temperature range from i8oo ° K. to 26oo ° K. 
Conditions were not as steady, and hence the accuracy was not 
as great at the higher temperatures as at the lower. 

Diaphragms were located within the heater tribe so as to make 
it as nearly black as possi'ble. The limiting diaphragm was about 
5 mm. for part of the work and 4 ram. for the remainder. These 
limiting diaphragms were so located that no radiation reached 
the photometer excepting from the central diaphragm within the 
furnace tube. The temperature of the carbon tube furnace was 
measured with an optical pyrometer which had been calibrated 
by direct comparison with a platinum-wound black body held at 
the temperature of melting palladium. Higher temperatures were 
measured by extrapolating by means of Wien's equation, using 
sectored disks. 

When making the intensity measurement at any given tem- 
perature of  the black body the comparison lamp was set at an 
approximate color match and the candle-power of this comparison 
lamp was subsequently measured in terms of carbon lamp stand- 
ards from the Bureau of Standards. Check values of the candle- 
power were made at two low temperatures (I7IO ° K. and 
182o ° K.) from a platinum-wound black body. These checked 
the values from the carbon tube furnace within the limit of error. 


